A study of reproductive barriers limiting interspecific hybridization between Camellia japonica L. and C. chrysantha (Hu) Tuyama was undertaken in intra-and interspecific crosses using two different lines of each species. Prezygotic barriers were unimportant; pollen tube growth and penetration was good in all combination. Zygote formation and early embryo development were similar in intra-and interspecific crosses. Intraspecific embryos grew smoothly and filled the ovules about 150 days after pollination; whereas in interspecific crosses , aborting hybrid embryos were found in various stages of decline 120 days after pollination . Full-sized but empty ovules in mature capsules resulted from embryo abortion.
Introduction
Camellia species are of great ornamental value, especially the cultivars belonging to those species of Camellia section, which have been developed through a long history of breeding and cultivation. The flower colors encountered in this section are white, pink, and red, including those which are blotched and striped. Camellia breeders from all over the world have long desired to develop yellow flowered camellias. Before C. chrysantha was first described by Hu (3) , the possibility of yellow garden camellias was remote. The discovery of C. chrysantha has generated great excitement among camellia growers and breeders as a potential source for a new range of camellia floral colors. Although numerous interspecific hybridizations have been attempted, it is now becoming evident that the cross of C. chrysantha with some other species is very difficult (1, 4, 11, 19) .
From the ornamental and commercial standpoints, the most important species in Camellia section is C. japonica, whose several thousand named cultivars make up over 70% of the current horticultural cultivars. Because C. chrysantha is in subgenus Thea and C. japonica is in subgenus Camellia, the phylogenetic distance presents difficulties in the interspecific breeding. Hagiya (1, 2) reported that many but no germinable seeds were obtained following the cross of C. japonica x C. chrysantha. Only a few hybrids between C. japonica and C. chrysantha, some of which were obtained by embryo culture, were reported (13, 16, 17) .
The present research was undertaken to examine the nature of the reproductive barriers between C. japonica and C. chrysantha with the objective of overcoming sexual-incompatibility. The pollen tube growth and fertilization experiments were conducted first, and then the embryo and endosperm development was investigated. Normally in a Camellia ovary there are 12 ovules, each possessing a nucelus and an embryo sac consisting of the egg apparatus, antipodals and 2 polar nuclei. However, we found that between 1 and 9 DAP about 12% abnormal ovules which do not contain an embryo sac but only postament (Fig. 1) . Length of the styles in flowers of C. chrysantha was similar to that of C. japonica (Table 1). In all crosses, pollen tube germination and growth were good (Fig. 2-A) . Pollen tubes penetrated the transmission tissue and reached the bases (Fig. 2-B ) in 75 to 90% of all styles; a small frequency of abnormal pollen tubes with a zigzag or branching growth habit (Fig. 2-C) , were also observed. The pollen tubes grew slower in styles of a different species than within the same species. In intraspecific crosses, it took one day for the pollen tube of C. chrysantha to reach and penetrate the ovules, whereas that of C. japonica approached to the style base on the first day after pollination and protruded into the ovule on the next day. In interspecific crosses, the pollen tubes penetrated into the ovules (Fig. 3-A) 3 days after pollination in C. japonica and C. chrysantha pistils pollinated in a greenhouse and 5 days in C. japonica pistils pollinated outdoors (Table 1) . Temperature effects on the rate of pollen tube growth in cranberry (12) , snake melon and cucumber (10), pear (14) , and muskmelon (8) have been reported. In Camellia the longer period for pollen tube growth in the field than that in a greenhouse may also be due to temperature effect. Wu (15) reported that fertilization of C. sinensis took place approximately 72 hr after pollination and the first division of the endosperm nucleus occurred shortly after fertilization. In our experiment, the fertilization of the egg occurred concurrently with the degeneration of the synergids (Fig. 3-B) and the division of endosperm nucleus (Fig. 3-C) . The fertilization rates were 54.8 to 64.5% and 48.3 to 67.2% in intra-and interspecific pollinated ovules, respectively, in the first 9 DAP (Table 1) . Because there is no significant difference in fertilization percentage between intra-and interspecific pollination, the interspecific incompatibility between C. japonica and C. chrysantha could be due to a post-fertilization phenomenon. Experiment 2 At anthesis, the normal ovule of Camellia was about 0.7 mm long. The ovule grew slowly for about 3 months, but proceeded very rapidly for about 6 weeks. In the fast growing stage, 70% increase in length occurred, and the seed formed its final shape and dimension by 150 DAP (Fig. 4) .
As described in Experiment 1, zygote formation occurs in C. japonica and C. chrysantha within 9 DAP independent of which species was used as the pollen parent. The endosperm nucleus (3n) immediately started to divide following fertilization, while the zygote remained in a quiescent state. The endosperm nucleus developed to a multinucleate state at the time of the first division of the fertilized zygote, which occurred approximately 60 DAP (Fig. 5-A) . In C. sinensis, Wu (15) estimated the lapse of time between the first division of the endosperm nuclei and the first zygotic division to be 120 days.
Early embryo development in interspecific crosses was similar to that in intraspecific crosses. The globular proembryo was clearly visible in 70 days after pollination (Fig. 5-B) . The cells of the proembryo continued to multiply, and the globular embryo (Fig. 5-C) was about 0.8 mm in diameter 100 DAP. The free nuclear endosperm became cellular about 100 DAP (Fig. 5-C) . Sib-pollinated C. japonica control crosses produced heart-or torpedo-shaped embryos on 120 DAP (Fig. 5-D) . After the cotyledons began to differentiate, the embryo became white and hard; plumule differentiation was then observed (Fig.  5-E 
